C ystic fibrosis (CF) is a multisystem disease caused by mutations in the CF transmembrane conductance regulator (CFTr) gene. 1 It is the most common life-limiting, autosomal recessive disorder among white individuals, with an average incidence of 1:3000 live births. 2 CFTr protein is expressed on the apical epithelium of the intestines, pancreas, and biliary duct system where it regulates chloride and bicarbonate secretion and therefore regulating the fluidity and alkalinity of the bile. 1, 3 Homozygosity of the mutant CFTr gene results in an alteration in bile secretion (its hydration and alkalinity) resulting in viscous and acidic secretions. 1, 4, 5 This leads to partial or complete obstruction in various hollow epithelial-lined structures of the gastrointestinal (GI) tract and is responsible for most GI, pancreatic, and hepatobiliary manifestations of CF. 4, 5 advances in specialized patient care have led to increasing the life expectancy of patients with CF. 6 an estimated median survival of more than 50 years in patients born in the UK in 2000 and after is becoming more likely. 7 With increased life expectancy, CF-related liver disease has increasingly been reported. 8 Cystic fibrosis liver disease (CFld) is a chronic inflammatory sclerosing cholangiopathy commonly presenting before the age of 20 years and may evolve into advanced liver disease, biliary cirrhosis, portal hypertension, and liver decompensation. 1, 6 Thus, early identification of liver involvement and prompt therapeutic intervention is becoming a pertinent clinical issue. 8 
Epidemiology of CFLD
Since the definition of CFld is not universally unified, the true prevalence of CFld is difficult to determine. 9 However, CFld is estimated to occur in around 10% of patients with CF and is regarded as the third leading cause of death in this population after respiratory and transplantation complications. 1, 10, 11 nonspecific increase in transaminases has been documented in more than 50% of infants, which often resolves by 2 to 3 years of age, and does not seem to reappear later in life or affect the future A B S T R AC T Cystic fibrosis (CF) is a multisystem disease caused by mutations in the CF transmembrane conductance regulator (CFTr) gene. CFTr is expressed in the apical surface of cholangiocytes. Homozygous CFTr gene mutation results in viscous and acidic bile secretions secondary to deficient surface fluid and bicarbonate efflux. viscous, inspissated bile causes ductular obstruction and hepatotoxicity from retained bile components, leading to fibrosis and ultimately cirrhosis, known as CF liver disease (CFld). CFld is the third leading cause of death in CF patients. CFld manifestations can take many forms. They range from asymptomatic elevation of transaminases to cirrhosis and endstage liver disease. CFld is diagnosed after excluding other causes of chronic liver disease. To date, there is no effective therapy to prevent or treat CFld. management of CFld emphasizes on optimizing nutritional status. Ursodeoxycholic acid is the only available treatment that may prevent progression of CFld at present. all CF patients with CFld need annual investigations and follow-up for early detection of the disease. liver transplantation should be considered in patients with decompensated cirrhosis and portal hypertension, with acceptable long-term outcomes. novel therapies of CFld are promising. This review article aims to summarize the published literature on CFld, its pathophysiology, clinical features and complications, and management including new therapeutic options. development of CFld. 12 However, patients with CF who develop significant liver disease and cirrhosis may present with normal or only slightly elevated liver enzymes. 8, 12 The incidence of CFld has been estimated at 2.5/100 patient-years during the first 10 years of life, with the possibility of sharp decline during the second decade. 13 long-term follow-up studies have found the prevalence of abnormal hepatic histopathology in patients with CF ranges from 27% to 41%. 12, 13 Focal biliary cirrhosis is considered the most common CFld, with a frequency of 20% to 30%. 8, 14 approximately 5% to 10% of children with CF develop cirrhosis before or during puberty. 12, 13 most of these patients eventually progress to portal hypertension and present with complications related to CFld during the second decade of life. 15, 16 CFld accounts for 2.5% of overall CF mortality causes. 10 Few CF prevalence studies are available from arab countries. These suggest that CF is undiagnosed in these populations. 17 Frequencies of 1:2664 in egypt, 17 1:2650 in Jordan, 18 1:2560 in Kuwait, 18 1:5800 in bahrain, 19 and 1:15 876 in the Uae 20 have been reported. In Saudi arabia, a report of 36 patients with CF between 1986 and 1992 revealed a 25% prevalence of liver disease in patients with CF. 21 reports indicate the possible presence of higher incidence rate in arab population particularly given the high consanguinity rate in the range of 25-60%. 22 
Pathogenesis of CFLD
CFTr is expressed on apical membranes of cholangiocytes and gallbladder epithelial cells and plays a critical role in chloride and water secretion to support normal bile formation and flow. 1, 4, 5 Homozygosity of the mutant CFTr gene results in viscous and acidic secretions secondary to deficient surface fluid and bicarbonate efflux. 1, 4, 5, 23 viscous and inspissated bile in CF causes ductular obstruction and hepatotoxicity from retained bile components, leading to inflammation and subsequent fibrosis and cirrhosis. 1, 4, 5 In the majority of patients, the disease leads to focal changes with no clinical significance. 23 However, multilobular cirrhosis develops in a small subset of patients leading to the development of portal hypertension, splenomegaly, and hypersplenism. 23 The risk of developing multilobular cirrhosis is altered by non-CFTr genetic and environmental modifiers. 23 These modifiers include factors such as history of meconium ileus, male sex, severe class I-III mutations genotype, histocompatibility complex antigens, infective agents, protease inhibitor gene, nutritional state, antioxidants deficiency, viral hepatitis, and certain therapeutic methods. 13, 24, 25 However, the role of such factors in the development of CFld is controversial. 26 In addition, correlation to the degree of pancreatic sufficiency has been proposed where CFld is generally not observed in patients with pancreatic sufficiency. 27 The phenotypic variability of CFld in patients with CF may be explained by other insults and factors. 28 liver inflammation in predisposed individuals can be caused by the initiation of intrinsic immune responses to enteric microflora endotoxins. In the liver, gut-derived endotoxins are normally cleared by the hepatocytes into the bile. In normal situations, the biliary epithelium expresses endotoxin tolerance that prevents an excessive inflammatory response. 28 In CF mice models, increased intestinal permeability and release of bacterial endotoxins, triggers biliary damage and inflammation. 29 In these mice models, using oral antibiotics to produce bowel decontamination diminished hepatic inflammation. 29 Furthermore, cholangiokcytes in CF mice express higher nuclear factor-kb (nF-kb) activity and nF-kb-dependent inflammatory cytokines when exposed to microflora endotoxins. 1 It is illustrated that CFTr controls inflammation in secretory epithelia. Consequently, CFTr deficiency in cholangiocytes modifies the normal response to gut endotoxins in the epithelium with a stronger inflammatory reaction thus contributing to the pathogenesis of CFld. 1, 11 non-cirrhotic portal hypertension (nCPH) is increasingly recognized in a subset of patients with CF as more patients have a longer lifespan. It is thought to be due to obliterative venopathy with dense fibrosis within portal vein branches. 11 
Clinical manifestations of CFLD
CFld manifestations vary ranging from mild asymptomatic hypertransaminasemia to liver cirrhosis [ Table 1 ]. 8 The most common presentation of CFld is an incidental finding of hepatomegaly with or without splenomegaly, jaundice, biliary colic, and abnormal liver function tests. 8 Other manifestations of CFld may include micro-gallbladder, cholelithiasis, and sclerosing cholangitis. 8, 25 recent studies show reports of nCPH in patients with CF. 11 In infants with CF, liver involvement may manifest in the form of cholestasis. In about 50% of cases, it co-occurs with meconium ileus and parenteral nutrition. 24 Cholestasis usually resolves within the first few months of life spontaneously. However, in some cases, liver fibrosis may develop. 24 In older children, CFld may manifest as hepatic steatosis with or without hepatitis, focal biliary cirrhosis, and multilobular cirrhosis. 24 In adolescence, apparent disease may develop around puberty and can progress to end-stage liver disease. 8 The clinical manifestations of advanced CFld include jaundice, coagulopathy, ascites, and the development of portal hypertension. 27 biochemical indicators of liver failure such as increased level of bilirubin, lower albumin level, and prolonged prothrombin time appear late in advanced CFld. 27 
Diagnosis of CFLD
early diagnosis of CFld is important as symptoms may appear late with advanced hepatobiliary system involvement. 27 The diagnosis of CFld is suspected in patients with CF and manifestations of liver involvement. In such cases, CFld is diagnosed after excluding other etiologies of liver disease [ Table 2 ]. 8 laboratory markers of CFld manifesting as cholestasis and abnormal levels of transaminases are commonly observed. However, they are not sensitive or specific for CFld and may correlate poorly with the degree of severity of liver involvement. 27 diagnosis of early signs of liver failure can be difficult as hepatic function may be retained until late phases. Prothrombin time and coagulation factors should be measured at least once a year to detect early signs of liver failure. 8 reduction in coagulation factor v is often noted in patients with splenomegaly, possibly as a result of splenic consumption. 8 noninvasive fibrosis biomarkers are novel and inexpensive serologic tests that provide an approach to investigate fibrosis in CFld in its early stages. examples of these biomarkers are the aspartate transaminase (aST)-to-platelet ratio index (aPrI) and the fibrosis-4 index (FIb-4). 11 aPrI appears to be superior to FIb-4 in the assessment of fibrosis, cirrhosis, and portal hypertension. 11 Increasing evidence implicates dysregulated microrna (mirna) expression in a range of human pathologies, including liver disease and CFld. [30] [31] [32] [33] [34] [35] Studies investigated the use of mirnas for the detection of CFld in children when compared to children with CF without liver disease and controls. 34 Therefore, mir-122 may be of use for the diagnosis of CFld in children. 11, 34, 35 Ultrasound (US) takes a pivotal role in the diagnosis of CFld, where it can assess liver parenchyma changes such as fibrosis, cirrhosis, steatosis, biliary duct abnormalities, and abnormalities of blood flow in the portal vein. 27 abnormal echogenicity found in US precedes clinical and biochemical manifestations of CFld 36, 37 suggesting that routine US may be a valuable tool for detection of early CFld. 8 CT and mrI are useful tools to diagnose fibrosis, steatosis, biliary abnormalities, and focal lesions. 8 8, 38 Transient elastography (Te) or FibroScan is a noninvasive measure of liver stiffness that has been validated for the diagnosis of liver disease in viral hepatitis, alcoholic liver disease, and nonalcoholic fatty liver. 8, 11 recent reports have illustrated the usefulness of Te in the diagnosis and surveillance of fibrosis in CFld. 39, 40 liver biopsy is the gold standard for the diagnosis of CFld, its type of involvement, severity, and staging. 8, 11 nonetheless, a liver biopsy may underestimate the disease severity because of the patchiness of lesions. 8, 11 Steatosis is reported to be the most common liver histopathologic finding in CFld (25-60%), followed by focal biliary cirrhosis (30%) [ Table 1 ]. 8, 12 Diagnostic criteria of CFLD diagnostic criteria for CFld have been proposed by debray et al 8 and Koh et al 41 [ Table 3 ]. In such criteria, the diagnosis of CFld depends on multiple parameters, such as physical examination, liver function tests, imaging, noninvasive biomarkers, Te, and liver biopsy among others [ Table 3 ].
additionally, magnetic resonance
debray's criteria suggest that the presence of CFld should be considered if at least two of the following four elements are present: abnormal physical examination manifested as hepatomegaly and/or splenomegaly confirmed by US, persistent elevations of liver function tests (defined as abnormal values measured at least three successive times over a period of 12 months and after excluding other causes of liver disease), US confirmation of liver manifestation or signs of portal hypertension or biliary abnormalities, and abnormal histology on liver biopsy. 8 On the other hand, Koh's new criteria are based on the number of elements present at a time of evaluation. 41 according to Koh's new criteria, the diagnosis of CFld should be considered if only one element such as liver biopsy indicating pathology or if radiologic evidence of diffuse liver disease or cirrhosis is present. 41 In addition, and based on the growing evidence of Te and noninvasive biomarkers utilization in CFld, Koh proposed adding such criteria to facilitate the diagnosis of CFld. based on that, Koh's new criteria propose that the diagnosis of CFld should be considered if two or more of the following elements are present: at least two persistently abnormal aST, alanine transaminase (alT), alkaline phosphatase (alP), or gamma glutamyl transpeptidase (GGT) (defined as abnormal levels on multiple dates over minimum of two consecutive years), evidence of hepatomegaly, splenomegaly, or portal hypertension by imaging, abnormal Te at any time, persistently abnormal aPrI, FIb-4, or aST to alT ratio (defined as abnormal levels on multiple dates over minimum of two consecutive years). However, validation of such criteria is awaited. 41 
Management of CFLD
CF patients with CFld require annual follow-up by gastroenterologists or hepatologists to evaluate the progression of CFld [ Figure 1 ]. 8 The followup would necessitate screening for the development of portal hypertension and other complications via annual physical examinations, liver function 8, 11 There are no existing evidence-based guidelines or specific recommendations for the prevention or management of CFld. 1, 11, 42 Therefore, once CFld is diagnosed, therapy is directed towards lowering the impact of complications. 1, 11, 42 management of CFld emphasizes on optimizing nutritional status via adequate caloric intake, fatsoluble vitamin supplementation, pancreatic enzyme replacement therapy, and avoiding hepatotoxic medications. 42 Ursodeoxycholic acid (UdCa) is the only available treatment that may prevent the progression of CFld. 10 The physiological benefits of UdCa comprise improving bile flow and non-CFTr biliary chloride channels and protecting hepatocytes from the toxicity of accumulating bile acids. 43 reports have documented improvement in hepatic excretory function and liver histology in patients with CFld after starting UdCa. 44, 45 UdCa treatment aims to delay liver disease progression. Therefore, treatment should be started as soon as the diagnosis of CFld is made or in patients who are at risk such as patients with history of meconium ileus. 8 UdCa might be of use in preventing sludge and stone formation, but it has no role in the management of gallstones. 45 When UdCa is initiated, testing of liver enzymes serum levels and cholestasis markers should be performed three and six months from initiation of UdCa to evaluate its efficacy. However, the benefit of routine use of UdCa in CF is uncertain due to the scarcity of long-term studies. 1, 44 In addition, not all CFld is caused by cholestasis. 11 a vital aspect of CFld management is nutritional support. The development of liver disease may worsen CF associated malnutrition by aggravating fat and protein malabsorption. 23 nutritional therapy involves improving energy intake to 150% of estimated requirement. 23 In addition, protein supplementation is required in patients without signs of liver failure. avoiding salt supplementation in advanced CFld is essential to avoid precipitating development of ascites. 23 adequate pancreatic enzymes must be provided allowing for optimal absorption of fat and protein. 23 Patients with CF and exocrine pancreatic insufficiency require fatsoluble vitamin supplements of vitamin a, vitamin e, and vitamin d, and occasionally vitamin K is required. In patients with anorexia, enteral tube feeding may be necessary to ensure adequate caloric and supplementation intake. 23 because of the risk of bleeding, gastrostomy feeding is not recommended in patients with advanced CFld, varices, or portal gastropathy. 8 Patients with cirrhosis or signs of portal hypertension should be screened for esophageal varices via upper GI endoscopy at diagnosis and every two to three years if initial screening is normal. Signs suggestive of GI bleeding should necessitate an upper GI endoscopy. Portal hypertension and variceal bleeding require management of acute episode and long-term therapy protocols. 16 Transjugular portosystemic and surgical portosystemic shunts are indicated in refractory cases or as a bridge to liver transplantation. 16 Patients with CF cirrhosis will require annual US of the liver and serum alpha-fetoprotein level measurement to screen for the possible development of hepatocellular carcinoma. 46, 47 liver transplantation (lT) should be considered in CF patients with decompensated liver disease, cirrhosis and portal hypertension, progressive deterioration of pulmonary function, and severe malnutrition that is refractory to nutritional support. 8, 16, [48] [49] [50] Isolated lT in CFld has been reported to help improve the respiratory function and general patient condition. 50, 51 Careful patient assessment for either isolated lT or in combination of lung transplantation should be practiced. 50 The five-year survival rates for children and adults undergoing lT were reported to be 85.8% and 72.7%, respectively. 50, 51 although the survival rate is satisfactory, it is lower than that of lT for other etiologies, which could be explained by the lower nutritional status, decline in pulmonary function, and infection in this patient population. 51 Overall, there is a survival advantage in lT compared to patients remaining on the waiting list. 51 However, this advantage may not be seen in patients with isolated variceal bleeding as manifestation of CFld. 16 mortality is increased in children who are below the fifth percentile for height and weight at time of lT. 51 Progressive pulmonary disease, poor nutritional status and lower body mass index, and infections have been reported to contribute to lT late mortality. 51 
Novel therapies
Small molecules that increase either the number or the opening time of CFTr channels on the cell surface have now been identified and successfully trialed in patients with CF. 52, 53 Ivacaftor (vX770) is a CFTr potentiator administered to patients with a 551G>d mutation that affects channel gating by improving the opening time of the mutant channel, and hence increasing its ion transport. It has shown effect through the improvement in sweat chloride concentration, lung function, body mass index, and decreased exacerbation rate. 1, 54 Ivacaftor therapy also was noticed to induced change in the GI pH profile, 2 that led to a reduction in the daily pancreatic enzyme supplements dose. 54 lumacaftor (vX-809) has been approved, in combination with ivacaftor, for patients homozygous for F508d. 28 It acts as a CFTr channel corrector that suppresses misfolding of the CFTr protein, allows the CFTr to bypass proteomic degradation and therefore increases the CFTr proteins trafficking to the cell surface in patients with this mutation. 28 The combination therapy of ivacaftor and lumacaftor has produced considerable improvements in lung function, weight gain, and reduced exacerbations of pulmonary symptoms. 53 The weight increase observed under this combination is speculated to be due to both improvement in pulmonary function and improvements in GI physiology. 53 It is speculated that effective treatment of CFld consists of adjuvant approach that repairs the primary defect and decreases inflammation. 1 nuclear receptors that modulate inflammation might represent a novel strategy to control inflammation seen in the CF biliary epithelium. 1 Several other new CF medications are in clinical trials. 12 ataluren (PTC124), an orally bioavailable small molecule, designed to induce ribosomes to selectively read through premature stop codons during mrna translation to produce functional CFTr. 55 as nonsense mutations account for 10% of CFTr mutations, this modality can be an example of personalized medicine, with which patients with specific gene mutations are targeted with a specific modality of therapy. 23 C O N C LU S I O N CFld is common and considered to be the third leading cause of mortality in patients with CF after respiratory and transplantation complications. The clinical picture of CFld can take many forms, ranging from mild asymptomatic hypertransaminasemia to cirrhosis and end-stage liver disease. Once the diagnosis of CFld is made, annual follow-up by gastroenterologists or hepatologists is recommended. There is no effective therapy to prevent or treat CFld. management of CFld emphasizes on optimizing nutritional status, avoiding hepatotoxic medications, and UdCa. Indications for liver transplant in CFld include decompensated cirrhosis, with acceptable longterm outcomes. novel therapy should consist of an adjuvant approach that repairs the primary defect and decreases inflammation. effect of some of newer novel therapy approaches on CFld is under clinical trials.
